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Surface Crack Susceptibility of Electro-discharge Machining Process
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Abstract

Electro-Discharge Machining (EDM) is ideally suited to the machining of
materials with high hardness, strength and toughness mechanical properties,
and has found widespread application in MEMS applications, tool and mold
industries. However the formation of crack in recasted layer is harmful to the
performance. The research is to evaluate the crack susceptibility of EDMed
surface by changing the parameters of EDM and material properties. The
working parameters chosen are pulse current and pulse-on duration. The
subject materials are JIS SKS93, SNCM439, SCM440, SKS2, SK2, and



SKH9.

The results reveal that not only increasing the pulse current and
shortening the pulse-on duration, but also a lower carbon equivalent and a
higher thermal conductivity of material could reduce and improve the surface
crack susceptibility. Finally, the crack susceptibility sequence of materials from
low to high is low alloy steel, carbon tool steel, high speed steel, cold work
steel.
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Tablel The component of working materials.

gLt (wth ) JISHR#

Mn P Ni Cr

0.60~ <0.03 .60~ 10. 60~

SNCN39 0.90 : .00 [1.00

0.60~<0.03 0. 90~
0.85 . 1.20

SCM440

0.60~|<0.03 0.10~

SKS93 110

< <0.03
0. 80

SKS2

< <0.03
0.50

SK2

< <0.03
0.45

SKH51

. 0.30~|<0.025
SKD11 . . 0. 60
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Fig.1 SEM photographs show that EDMed surface of SKD11
(a) 8A/30us (b) 8A/70us (c) 20A/30us  (d) 20A/70us
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Fig.2 SEM photograph of cracking shows that crack penetration into parent materials
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Fig.3 Surface crack density of materials under different working parameters
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Fig.4 The freezing range of carbon steel and low alloy steel
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Fig.5 Iron-carbon phase diagram

Table 2 carbon equivalent of working materials

Ceq(T)% #OE R IR il
(d ]2+ "%R) (W/m- K) (pm/m-C)

0.82(2) 44.5(1) 12.4~143 | 423(2)

0.78(1) 41.8(2) 12.3~145 | 49.3(5

1.28(3) - 39.1(1)

1.35(5) 30 12.6~15.3 50.1(6)

1.30(4) - — 42.7(3)

3.02(6) 21.3(6) 10.1~12.2 | 51.9(7)

4.24(7) 20.9(7) 10.4~12.2 47 4(4)

=

Ceq( I )=C+ (U/6)Mn+ (1/5)Cr+ (1/4)Mo—+ (1/25)Ni + (1/24)Si 8 1 4 & % 4% 4L
Ceq(11)=C+ (1/6)Mn+ (1/5)Cr + (/4)Mo-+ (1/15)Ni + (1/13)Cu ' : i & 4 4%
Ceq(I)=C+ (U6)Mn+ (U5)Cr + (L/4)Mo+ (LVA0)Ni + (L/24)Si+(L/14)V ' : g2 4438 * -4nok SM H
Ceq(IV) =C+ (1/6)Mn+ (1/6)Cr -+ (U6)Mo+ (L/S)Ni+ (U5)Cu+ (U6)V 1 C-M n i 2238 17 % 36 4 4
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